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Description 

[0001] The present invention relates to a material having a triphenylamine structure, used for the production of an 
electroluminescence device (EL device), and an organic EL device using the above material, and more specifically, it 
relates to a material having a triphenylamine structure, used as a hole-injecting material for the production of an organic 
EL device for use as a planar light source or display, and an organic EL device using the above material. 
[0002] Organic photo-conductive materials which have been developed as photosensitive materials or hole-injecting 
materials are advantageously less expensive, easily processible and free from causing pollution, and a variety of com- 
pounds have been proposed. Examples of the disclosed organic photo-conductive materials include oxadiazole deriv- 
atives (U. S. Patent 3,189,447), oxazole derivatives (U. S. Patent 3,257,203), hydrazone derivatives (U. S. Patent 
3,717,462, JP-A-54-59,143, U. S. Patent 4,150,978), triaryl pyrazoline derivatives (U. S. Patent 3,820,989, JP-A- 
51-93,224, JP-A-55-1 08,667), arylamine derivatives (U. S. Patent 3, 180,730, U. S. Patent 4,232, 103, J P-A-55-1 44,250, 
JP-A-56-1 19,132), and stilbene derivatives (JP-A-58-1 90,953, JP-A-59-1 95,658). 

[0003] An organic EL device is one technical example to which the hole-injecting material is adapted. An EL device 
using an organic substance is greatly expected to be usable as a solid light-emitting inexpensive large-screen, full- 
color display device, and developments thereof are being made in many ways. Generally, an organic EL device is 
composed of a light-emitting layer and a pair of mutually opposite electrodes sandwiching the light-emitting layer. The 
light emission by an EL device is the following phenomenon. When an electric field is applied between the two elec- 
trodes, the cathode injects electrons into the light-emitting layer, and the anode injects holes into the light-emitting 
layer. Further, when the electrons recombine with the holes in the light-emitting layer, their energy level shifts from a 
conduction band back to a valence electron band to release energy as light. 

[0004] As compared with inorganic EL devices, conventional organic EL devices require high voltage for its activation, 
and further, their light emission brightness and light emission efficiency are low. Further, conventional organic EL de- 
vices deteriorate in properties to a great extent, and no organic EL device has been put to practical use. 
[0005] There has been recently proposed an organic EL device which is produced by laminating a thin film containing 
an organic compound having a fluorescent quantum effect to emit light at a low voltage as low as less than 10 V, and 
it attracts attention (Appl. Phy. Lett., Vol. 51, page 913, 1987). 

[0006] The above organic EL device has a fluorescent layer containing a metal chelate complex and a hole-injecting 
layer containing an amine-based compound, and emits green light having a high brightness. The above organic EL 
device achieves a brightness of 100 cd/m^ and a maximum light emission efficiency of 1.5 Im/W at a direct current 

voltage of 6 or 7 V and thus has nearly practically usable performance. 

[0007] An organic EL device has a structure in which a light-emitting layer containing an organic fluorescent com- 
pound is provided between a metal cathode layer and a transparent anode layer. Further, an electron -injecting layer 
and a hole-injecting layer are provided for obtaining light emission having a high brightness at a low voltage. In the 
organic EL device, electrons injected from a cathode and holes injected from an anode are recombined to generate 
excitons and the excitons radiate light in the process of radiation and deactivation thereof (JP-A-59-1 94393, JP-A- 
63-295695). However, when the device continues to emit light in the continuous operation under the application of 
direct current for a long period of time, the organic compound is promoted in crystallization, etc., and leak current is 
liable to occur in the device so that the device is liable to be eventually broken. For overcoming the above problem, a 
compound such as 4,4',4"-tris(N,N'-diphenylamino)tiphenylamine (TDATA) or 4,4',4"-tris[N-(3-methylphenyl)-N- 
phneylaminoj-triphenylamine (MTDATA) is used as a hole-injecting material for use in a hole-injecting layer (JP-A- 
4-308688). The above compounds have effects that they are less crystallizable owing to the twisted steric form of their 
molecules and are excellent in thin film formability. However, these compounds have a glass transition point of about 
70°C, a melting point of about 200°C and a decomposition temperature of about 340°C and thus have no sufficient 
heat resistance. There is therefore a problem, when the device using the above compounds is light-emitted, the device 
is easily deteriorated by Joule's heat generated in the device. 

[0008] As discussed above, the organic EL devices which have been so far developed are not sufficient in light 
emission brightness and light emission stability in the repeated use for light emission. It is therefore desired to develop 
a hole-injecting material having excellent hole-injecting capability and durability for attaining an organic EL device 
having a higher light emission brightness, a high light emission efficiency and excellent stability in the repeated use 
for light emission. 

[0009] It is an object of the present invention to provide a material for an organic EL device, which material has 
excellent capability of injecting holes from a metal electrode and has durability. 

[0010] It is another object of the present invention to provide an organic EL device which is imparted with excellent 
stability in the repeated use for light emission by using the above material. 

[001 1] According to the present invention, there is provided a compound suitable for use in an electroluminescence 
device, which has the formula (1), (6) or (7), 
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wherein: 

Ar'' to Ar^ are the same or different and each is independently a substituted or non-substituted aryl group; 

to X6 are the same or different and each is independently >C=0, >S02, -Si(B^)B2-, -N(B^)-, 
PB""-, -P(=0)B"'-, -(CH2)x-0-(CH2)y-, a substituted or non-substituted alkylene group or a substituted or non-sub- 
stituted alicyclic moiety, in which each of B"" and B^ is independently a substituted or non-substituted alkyi group 
or a substituted or non-substituted aryl group and each of x and y is an Integer of 0 to 20, provided that x + y is 
not 0; and 

A is a group having the formula (2), (3), (4) or (5). 
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wherein: 

R1 to R30 are the same or different and each is independently a hydrogen atom, a halogen atom, a substituted or 
non-substituted alky! group, a substituted or non-substituted alkoxyl group, a substituted or non-substituted aryl 
group or a substituted or non-substituted amino group; and 
X'' to and A are as defined in the formula (1 ), 
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wherein: 

25 - Ri to R30 are the same or different and each is independently a hydrogen atom, a halogen atom, a substituted or 
non-substituted alky! group, a substituted or non-substituted alkoxy group, a substituted or non-substituted aryl 
group or a substituted or non-substituted amino group; 

to are the same or different and each is independently a substituted or non-substituted alky! group having 
1 to 20 carbon atoms or a substituted or non-substituted aryl group; and 

30 - A is as defined in the formula (1 ). 

[0012] Further, according to the present invention, there is provided an organic electroluminescence device com- 
prising an anode and a cathode and, therebetween, either a light-emitting layer or a plurality of organic compound 
layers including a light-emitting layer, wherein at least one layer comprises, as a hole-injecting material, a compound 
35 as defined above. 

[0013] Typically, the electroluminescence device of the invention has an organic layer between the anode and the 
light-emitting layer, which organic layer comprises a compound as defined above. 

[0014] Typically, the said organic layer comprises at least two hole-injecting layers and the hole-injecting layers 
comprise, as a hole-injecting material, a compound as defined above. 
40 [0015] Typically, the light-emitting layer comprises, as a hole-injecting material, a compound as defined above. 

[0016] The present invention also provides the useof a compound of formula (1), (6) or (7) as a hole-injecting material 
for an electroluminescence device. 

[0017] In the accompanying drawing Fig. 1 is an infrared absorption spectrum of compound 3. 
[0018] The present inventors have made diligent studies to overcome the above problems, and have found that the 
45 hole-injecting material of any one of the formulae (1 ), (6) and (7), has high hole-injecting capability and gives an organic 
EL device having excellent device characteristics. 

[0019] Typically, the compound of formula (1 ), (6) or (7) is a hole-injecting material, 
[0020] Typically, A in the formulae (1 ), (6) and (7) is a group of formula (2). 

[0021] In the formula (1), each of Ar^ to Ar^ is independently a substituted or non-substituted aryl group. 

50 [0022] Specific examples of Ar"" to Ar^ include substituted or non-substituted aryl groups such as phenyl, 2-methyl- 
phenyl, 3-methylphenyl, 4-methylphenyl, 4-ethylphenyl, biphenyl, 4-methylbiphenyl, 4-ethylbiphenyl, 4-cyclophenoxy- 
biphenyl, terphenyl, 3,5-dichlorophenyl, naphthyl, 5-methylnaphthyl, anthryl and pyrenyl, and aryl groups of which the 
aromatic hydrocarbon atom may be replaced by a nitrogen atom, an oxygen atom or a sulfur atom, such as furanyl, 
thiophenyl, pyrrolyl, pyranyl, thiopyranyl, pyridyl, thiazolyl, imidazolyl, pyrimidinyl, tirazinyl, iondolinyl, quinolyl and pu- 

55 rinyl. In the above aryl groups, adjacent substituents may bond to each other to form a saturated or unsaturated ring. 
[0023] In the formulae (6) and (7), each of R'' to R^^ is independently a hydrogen atom, a halogen atom, a substituted 
or non-substituted alky! group, a substituted or non-substituted alkoxyl group, a substituted or non-substituted aryl 
group or a substituted or non-substituted amino group. 



5 
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[0024] Specifically, the halogen atom includes fluorine, chlorine, bromine and iodine. The substituted or non-substi- 
tuted alky! group includes non-substituted linear or branched alky! groups having 1 to 20 carbon atoms such as methyl, 
ethyl, propyl, butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl and stearyl, and alkyi groups having 1 to 20 carbon 
atoms and containing asubstituentsuch as 2-phenylisopropyl, trichloromethyl, trifluoromethyl, benzyl, a-phenoxyben- 
zyl, a,a-dimethylbenzyl, a,a-methylphenylbenzyl, a,a-ditrifluoromethylbenzyl, triphenylmethyl and a-benzyloxybenzyl. 
The substituted or non-substituted alkoxyl group includes non-substituted alkoxyl groups having 1 to 20 carbon atoms 
such as alkoxyl, methoxyl, ethoxyl, propoxyl, n-butoxyl, sec-butoxyl, tert-butoxyl, pentyloxyl, hexyloxyl and stearyloxyl, 
and alkoxyl groups having 1 to 20 carbon atoms and containing asubstituent such as 1 ,1-tetrafluoroethoxyl, phenoxyl, 
benzyloxyl and octylphenoxyl. The substituted or non-substituted aryl group includes groups of which the aromatic ring 
or rings have 6 to 18 carbon atoms such as phenyl, 2-methyiphenyl, 3-methylphenyl, 4-methylphenyl, 4-ethylphenyl, 
biphenyl, 4-methylbiphenyl, 4-ethylbiphenyl, 4-cyclohexylbiphenyl, terphenyl, 3,5-dichlorophenyl, naphthyl, 5-methyl- 
naphthyl, anthryl and pyrenyl and aryl groups of which the aromatic hydrocarbon atom may be replaced by a nitrogen 
atom, an oxygen atom or a sulfur atom, such as furanyl, thiophenyl, pyrrolyl, pyranyl, thiopyranyl, pyridinyl, thiazolyl, 
imidazolyl, pyrimidinyl, Pyridinyl, triazinyl, indolinyl, quinolyl and purinyl. The substituted or non-substituted amino group 
includes amino, dialkylamino groups such as dimethylamino and diethylamino, phenylmethylamino, diphenylamino, 
ditolylamino and dibenzylamino. In the above aryl groups, adjacent substituents may bond to each other to form a 
saturated or unsaturated ring. 

[0025] In the formula (1), each of to is independently >C=0, >S02, -Si(B^)B2-, -N(B^)-, -PB^-, -P(=0)B^-, 
-(CH2)x-0-(CH2)y-, a substituted or non-substituted alkylene group or a substituted or non-substituted alicyclic moiety, 
in which each of B"" and B^ is independently a substituted or non-substituted alkyI group or a substituted or non- 
substituted aryl group and each of x and y is an integer of 0 to 20, provided that x + Y = 0 in no case. 
[0026] The above substituted or non-substituted alkylene group includes alkylene groups having 1 to 20 carbon 
atoms and these alkylene groups containing a substituent. The substituted or non-substituted alicyclic moiety includes 
divalent moieties from aliphatic rings having 5 to 7 carbon atoms such as acyclopentyl ring, acyclohexyl ring, a4-meth- 
ylcyclohexyl ring and a cycloheptyl ring. 

[0027] The substituent contained in the substituted alkylene group or the substituted aliphatic moiety in the definition 
of X"" to X^ includes those substituents specified with regard to R'' to R^o. The substituted alkylene group for X"" to X^ 
preferably includes 2-phenyleneisopropylene, dichloromethylene, difluoromethylene, benzylene, a-phenoxyben- 
zylene, a,a-dimethylbenzylene, diphenylmethylene and a-benzyloxybenzylene. Further, the substituted or non-substi- 
tuted alkyI group and the substituted or non-substituted aryl group in the definition of B"" and B^ specifically include 
those alkyI groups and aryl groups specified with regard to R"" to R^o. 

[0028] In the formula (7), each of V to is a substituted or non-substituted alkyI group having 1 to 20 carbon 
atoms or a substituted or non-substituted aryl group having 6 to 1 8 carbon atoms. Specifically, the alkyi group and the 
aryl group include those alkyi groups and aryl groups specified with regard to R"" to R^o. 

[0029] The material of the present invention (i.e., compound of the formula (1), (6) or (7)) can be synthesized, for 
example, by the following method. 

[0030] Tris(p-bromophenyl)amine and a substituted aromatic diamine compound are allowed to react in a nitroben- 
zene solvent in the co-presence of potassium carbonate and a catalyst such as copper or the like at 200°C for 50 
hours, to obtain an aromatic amine compound of the formula (1). The potassium carbonate may be replaced with 
sodium carbonate, potassium hydroxide or sodium hydroxide. The catalyst is selected from a copper powder, cuprous 
chloride, tin or stannous chloride. The solvent is selected from 1 ,3-dimethyl-2-imidazolidinone, N,N-dimethylformamide 
or dimethylsulfoxide. 

[0031] Table 1 shows specific examples of the compound of the formula (I), while the compound of the formula (I) 
shall not be limited thereto. 
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Table 1 (continued) 
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Table 1 (continued) 
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[0032] The material of the present invention may be used together with other hole-injecting material in one layer. 
Since the material of the present invention is excellent in the capability of injecting holes, it can be very effectively used 
as a hole-injecting material. 
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[0033] The organic EL device lias a structure in which a mono- or multi-layered organic thin film including a light- 
emitting layer is formed between an anode and a cathode. In a mono-layered device, a light-emitting layer is formed 
between the anode and the cathode. The light-emitting layer contains a light-emitting material, and in addition thereto, 
it may contain a hole-injecting material for transporting holes injected from the anode to the light-emitting material, or 

5 an electron-injecting material for transporting electrons injected from the cathode to the light-emitting material. Some 
light-emitting materials have the capability of injecting holes or electrons. The multi-layered organic EL device has one 
of laminated-layer structures, for example, of (anode/hole-injecting layer/light-emitting layer/cathode), (anode/light- 
emittlng layer/electron -injecting layer/cathode) and (anode/hole-injecting layer/light-emitting layer/electron -injecting 
layer/cathode). The material of the present invention (compound of the formula (1), (6) or (7)) can be used in any one 

10 of the above device structures. The material of the present invention can be suitably used for any one of the above 
layer structures. Since the material of the present invention has the high capability of injecting holes, it can be used 
as a hole-injecting material in any one of the hole-injecting layer and the light-emitting layer. 

[0034] In addition to the material of the present invention, the light-emitting layer may further comprise an organic 
fluorescent compound, a dopant, a further hole-injecting material or an electron-injecting material as required. When 

15 the organic EL device has a two-layered structure, the light-emitting layer and the hole-injecting layer are separated. 
Owing to this structure, the efficiency in injecting holes from the hole-injecting layer to the light-emitting layer improves, 
and the device is improved in light emission brightness and light emission efficiency. In this case, preferably, for light 
emission, the light-emitting material itself, used in the light-emitting layer, has the capability of transporting electrons, 
or the light-emitting layer contains an electron-injecting material. There is another two-layered structure formed of a 

20 light-emitting layer and an electron-injecting layer. In this case, preferably, the light-emitting material itself has the 
capability of injecting holes, or the light-emitting layer contains a hole-injecting material. 

[0035] In a three-layered structure, the device has a light-emitting layer, a hole-injecting layer and an electron -inject- 
ing layer, so that the efficiency in the recombination of holes and electrons in the light-emitting layer is improved. When 
the organic EL device is formed so as to have a multi-layered structure as described above, the decrease in brightness 

25 and the decrease in life caused by quenching can be prevented. In the device having the above multi-layered structure, 
a light-emitting material, a dopant, a hole-injecting material for transporting a carrier and an electron-injecting material 
may be used in combination as required. Further, the use of a dopant improves the light emission brightness and the 
light emission efficiency, and gives red or blue light. Further, any one or each of the hole-injecting layer, the light- 
emitting layer and the electron-injecting layer may be formed of at least two layers. 

30 [0036] As an electrically conductive material for the anode of the organic EL device, it is preferred to use a material 
having a work function of greater than 4 eV. The electrically conductive material is selected from a metal such as Au, 
Pt, Ag, Cu or Al, indium tin oxide (ITO), NESA or an organic electrically conductive resin such as polythiophene or 
polypyrrole. 

[0037] As an electrically conductive material for the cathode, it is preferred to use a metal or a metal alloy having a 
35 work function of smaller than 4 eV. The electrically conductive material is selected from a metal such as Al, In, Mg, Li 
or Ca, or an alloy such as Mg/Ag, Li/AI or Mg/AI. Any one or each of the anode and the cathode may be formed of two 
layers or more as required. The anode and the cathode are formed by a known film forming method such as vapor 
deposition, sputtering, ion plating or plasma manganese. 

[0038] For the effective light emission of the organic EL device, at least one of the electrodes is desirably sufficiently 
40 transparent in the light emission wavelength region of the device. Further, the substrate is desirably transparent. The 
transparent electrode is produced from the above electrically conductive material by a deposition method or a sputtering 
method such that a predetermined permeability to light is secured. The electrode which forms a light emission surface 
preferably has a light transmittance of at least 10 %. 

[0039] The substrate is not specially limited so long as it has mechanical and thermal strength and is transparent. 
45 For example, it is selected from glass substrates and substrates of transparent resins such as a polyethylene substrate, 
a polyether sulfone substrate and a polypropylene polyimide substrate. The substrate may have any form such as the 
form of a plate or a film. 

[0040] Each of the layers forming the organic EL device of the present invention can be formed by any one of dry 
film forming methods such as a vacuum deposition method and a sputtering method and wet film forming methods 

50 such as a spin coating method and a dipping method. The thickness of each layer is not specially limited, while each 
layer is required to have a proper thickness. When the layer thickness is too large, inefficiently, a high voltage is required 
to achieve predetermined emission of light. When the layer thickness is too small, the layer is liable to have a pinhole, 
etc., so that no sufficient light emission brightness can be obtained even when an electric field is applied. Generally, 
the thickness of each layer is preferably in the range of from 5 nm to 10|am, more preferably 10 nm to 0.2 |am. 

55 [0041] In the wet film forming method, a material for forming an intended layer is dissolved or dispersed in a proper 
solvent such as chloroform, tetrahydrofuran or dioxane, and a thin film is formed from the solution or dispersion. The 
solvent shall not be limited to these. For improving the film formability and preventing the occurrence of pinholes, the 
above solution or dispersion for forming the layer may contain a proper resin and a proper additive. 
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[0042] The resin for use in tine present invention includes insulating resins such as polystyrene, polycarbonate, pol- 
yarylate, polyester, polyamide, polyurethane, polysulfone, polymethyl methacrylate, polymethyl acrylate and cellulose, 
photo-conductive resins such as poly-N-vinylcarbazole and polysilane, and electrically conductive resins such as pol- 
ythiophene and polypyrrole. The above additive includes an antioxidant, an ultraviolet absorbent and a plasticizer. 
[0043] Examples of the light-emitting material or the dopant which is usable in the organic EL device of the present 
invention include anthracene, naphthalene, phenanthrene, pyrene, tetracene, coronene, chrysene, fluorescein, peryl- 
ene, phthaloperylene, naphthaloperylene, perinone, phthaloperinone, naphthaloperinone, diphenylbutadiene, tetra- 
phenylbutadiene, coumarine, oxadiazole, aldazine, bisbenzoxazoline, bisstyryl, pyrazine, cyclopentadiene, quinoline 
metal complex, aminoquinoline metal complex, benzoquinoline metal complex, imine, diphenylethylene, vinyl anthra- 
cene, diaminocarbazole, pyran, thiopyran, polymethine, merocyanine, an imidazole-chelated oxynoid compound, 
quinacridone, rubrene and derivatives of these, while the light-emitting layer or the dopant shall not be limited to the 
above materials. 

[0044] The hole-injecting material which can be used in combination with the material of the present invention in- 
cludes compounds which have the capability of transporting holes, exhibit an effect on the injection of holes to a light- 
emitting layer or a light-emitting material, prevent the migration of excitons generated in a light-emitting layer into an 
electron-injecting layer and have the excellent capability of forming a thin film. Specific examples of the hole-injecting 
material include a phthalocyanine derivative, a naphthalocyanine-containing compound, a porphyrin-containing com- 
pound, oxadiazole, triazole, imidazole, imidazolone, imidazolthione, pyrazoline, pyrazolone, tetrahydroimidazole, ox- 
azole, hydrazone, acylhydrazone, polyarylalkane, stilbene, butadiene, benzidine type triphenylamine, styrylamine type 
triphenylamine, diamine type triphenylamine, derivatives of these, and polymer materials such as polyvinylcarbazole, 
polysilane and an electrically conductive polymer. However, the hole-injecting material shall not be limited to the above 
materials. 

[0045] The electron-injecting material includes materials which are capable of injecting electrons, exhibit an effect 
on the injection of electrons into a light-emitting layer or a light-emitting material, prevent the migration of excitons 
generated in the light-emitting layer into the hole-injecting layer and have the excellent capability of forming a thin film. 
Examples of the electron-injecting material include fluorenone, anthraquinodimethane, diphenoquinone, thiopyran di- 
oxide, oxadiazole, perylenetetracarboxylic acid, fluorenylidenemethane, anthrone, and derivatives of these. However, 
the electron-injecting material shall not be limited to these. The hole-injecting material can be sensitivity-increased by 
adding an accepter material thereto, and the electron-injecting material can be sensitivity-increased by adding an donor 
material. 

[0046] The material of the present invention can be used in any layer of the organic EL device, and the material of 
the present invention and at least one of a light-emitting material, a dopant, a hole-injecting material and an electron- 
injecting material may be contained in one layer. 

[0047] Further, the organic EL device of the present invention may be improved in stability against temperature, 
humidity and atmosphere by forming a protective layer on its surface, or by protecting the entire device with a silicon oil. 
[0048] In the present invention, the light emission efficiency and the light emission brightness can be improved by 
the use of the material of the present invention. Further, the organic EL device of the present invention is stable against 
heat and electric current and gives a practically acceptable light emission brightness at a low driving voltage, so that 
it excellently overcomes the degradation which has been a conventional big problem, 

[0049] The present invention can be applied to flat panel displays such as a television set, light-emitting device, 
copying machine, printer, liquid crystal display or counter, display signboard or signal light containing an electrolumi- 
nescence device of the present invention, and it therefore has a high industrial value. 

[0050] The present invention provides materials which have the excellent capability of injecting holes. The material 
of the present invention can give an organic EL device which has a higher light emission efficiency and a higher bright- 
ness and a longer device life than any conventional device. 

[0051] The present invention will be explained more in detail with reference to Examples hereinafter. In Examples, 
"part" stands for "part by weight". 

Method of synthesis of Compound (3) 

[0052] 1 0 Parts of tris(p-bromophenyl)amine, 35 parts of 4,4-diisopropyl(2-phenyl)diphenylamine, 1 2 parts of potas- 
sium carbonate and 0.5 part of a copper powder were added to 50 parts of 1 ,3-dimethyl-2-imidazolidinone, and the 
mixture was stirred under heat at 200°C for 50 hours. Then, the reaction mixture was diluted with 500 parts of water. 
The mixture was extracted with ethyl acetate, and the extract was concentrated, and purified by silica gel column 
chromatography to give 15 parts of a powder having white fluorescence. The powder was analyzed by FD-MS for a 
molecular weight to show that it was Compound (3). 

[0053] Fig. 1 shows the infrared absorption spectrum (KBr tablet method) of Compound (3). 

[0054] DSC analysis of Compound (3) showed that it had a glass transition temperature of 140°C, a melting point 
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of 300°C or higher and a decomposition temperature of 400°C or higher. Compound (3) has a glass transition temper- 
ature higher than those of TDATA and IVITDATA by 50 to 70°C, a melting point higher than those of TDATA and MTDATA 
by at least 100°C, and a decomposition temperature higher than those of TDATA and MTDATA by at least 50°C. All 
the compounds of the formula (1), (6) and (7) have glass transition temperatures, melting points and decomposition 
temperatures similar to those of Compound (3) or excellent thermal properties over those of Compound (3), and these 
compounds high heat resistance as hole-transporting materials for an organic EL device. 

Example 1 

[0055] Compound (2) was vacuum-deposited on a cleaned glass substrate with an ITO electrode, to obtain a hole- 
injecting layer having a thickness of 30 nm. Then, 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (a-NPD) was vac- 
uum-deposited to form a second hole-injecting layer having a thicl^ness of 10 nm. Further, Compound (28) having the 
following structural formula was vacuum-deposited to form a light-emitting layer having a thickness of 50 nm, and 
further, 2-(4-tert-butylphenyl)-5-(biphenyl)-1 ,3,4-oxadiazole was vacuum-deposited to form an electron-injecting layer 
having a thickness of 20 nm. An electrode having a thickness of 1 50 nm was formed thereon from a magnesium/silver 
alloy having a magnesium/silver mixing ratio of 1 0/1 , to obtain an organic EL device. The device showed a light emission 
brightness of about 220 cd/m^ at a direct current voltage of 5 V and a light emission efficiency of 2.0 Im/W. 

Example 2 

[0056] Compound (3) was vacuum-deposited on a cleaned glass substrate with an ITO electrode, to obtain a hole- 
injecting layer having a thickness of 30 nm. Then, 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (a-NPD) was vac- 
uum-deposited to form a second hole-injecting layer having a thickness of 1 0 nm. Further, Compound (29) having the 
following structural formula was vacuum-deposited to form a light-emitting layer having a thickness of 50 nm, and 
further, an electron-injecting layer having a thickness of 50 nm was formed from tris(8-hydroxyquinoline)aluminum 
complex. An electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a 
magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The device showed a light emission brightness 
of about 430° cd/m^ at a direct current voltage of 5 V and a light emission efficiency of 2.6 Im/W. 



Compound (29) 




(2 9) 



Example 3 

[0057] Compound (3) was vacuum-deposited on a cleaned glass substrate with an ITO electrode, to obtain a hole- 
injecting layer having a thickness of 30 nm. Then, 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl (a-NPD) was vac- 
uum-deposited to form a second hole-injecting layer having a thickness of 10 nm. Further, N,N,N',N'-[4-(a,a-dimeth- 
ylbenzyl)phenyl]-anthranyl-9, 1 0-diamine was vacuum-deposited to form a light-emitting layer having a thickness of 50 
nm, and further, an electron-injecting layer having a thickness of 50 nm was formed from tris(8-hydroxyquinoline) 
aluminum complex. An electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy 
having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The device showed a light emission 
brightness of about 51 0 cd/m^ at a direct current voltage of 5 V and a light emission efficiency of 4.6 Im/W. 
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Examples 4 - 23 

[0058] Compound shown in Table 2 was vacuum-deposited on a cleaned glass substrate with an ITO electrode, to 
obtain a hole-Injecting layer having a thickness of 30 nm. Then, 4,4'-bis[N-(1 -naphthyl)-N-phenylamino]biphenyl 
(a-NPD) was vacuum-deposited to form a second hole-injecting layer having a thickness of 1 0 nm. Further, Compound 
(29) was vacuum-deposited to form a light-emitting layer having a thickness of 50 nm, and further, Compound (30) 
having the following structural formula was vacuum-deposited to form an electron- injecting layer having a thickness 
of 50 nm. An electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a 
magnesium/silver mixing ratio of 1 0/1 , to obtain an organic EL device. The device showed a light emission brightness 
shown in Table 2 at a direct current voltage of 5 V and a light emission efficiency shown in Table 2. 



Compound (30) 




(3 0) 



Table 2 



Example 


Compound 


Light emission brightness (cd/m^) 


Light emission efficiency (Im/W) 


4 


(2) 


450 


3.7 


5 


(3) 


500 


3.9 


6 


(4) 


480 


3.5 


7 


(6) 


390 


3.3 


8 


(7) 


450 


3.4 


9 


(8) 


420 


3.3 


10 


(9) 


460 


3.6 


11 


(10) 


500 


3.9 


12 


(11) 


500 


3.9 


13 


(12) 


500 


4.0 


14 


(13) 


420 


3.6 


15 


(15) 


460 


3.8 


16 


(17) 


410 


3.9 


17 


(18) 


410 


4.5 


18 


(20) 


430 


3.3 


19 


(21) 


460 


4.1 


20 


(22) 


420 


3.6 


21 


(23) 


490 


3.9 


22 


(25) 


320 


3.6 



19 



EP 0 848 579 B1 



Table 2 (continued) 



Example 


Compound 


Light emission brightness (cd/m^) 


Light emission efficiency (1m/W) 


23 


(26) 


380 


3.0 



Comparative Example 1 

[0059] 4,4',4"-tris[N-(3-methylphenyl) -N-phenyIamino]triphenylamine was vacuum-deposited on a cleaned glass 
substrate with an ITO electrode, to obtain a hole-injecting layer having a thickness of 30nm. Then, 4,4'-bis[N-(1-naph- 
thyl)-N-phenylamino]biphenyl (a-NPD) was vacuum-deposited to form a second hole-injecting layer having a thickness 
of 1 0 nm. Further, Compound (28) having the following structural formula was vacuum-deposited to form a light-emitting 
layer having a thickness of 50 nm, and further. Compound (15) was vacuum-deposited to form an electron-injecting 
layer having a thickness of 20 nm. An electrode having a thickness of 1 50 nm was formed thereon from a magnesium/ 
silver alloy having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. 



Compound (28) 




[0060] The device showed a light emission brightness of about 190 cd/m^ at a direct current voltage of 5 V and a 
light emission efficiency of 1 .58 Im/W. 

[0061] When the organic EL devices obtained in the above Examples were allowed to continuously emit light at 3 

mA/cm2, all the organic EL devices emitted light with a brightness of more than 50 % of the initial brightness value for 
more than 1 ,000 hours. When the organic EL device obtained in Comparative Example 1 was allowed to continuously 
emit light under the same conditions, the light emission brightness of the organic EL device decreased to less than 50 
% of the initial brightness value in 100 hours, and further, the number of dark spots extremely increased. 
[0062] The organic EL device of the present invention accomplishes improvements in light emission efficiency and 
light emission brightness and a longer device life, and does not impose any limitations on a light-emitting material, a 
dopant, a hole-injecting material, an electron-injecting material, a sensitizer, a resin and an electrode material used in 
combination and the method of producing the device. 

[0063] Typically, each of Ar^ to Ar^ is independently a substituted or non-substituted aryl group having from 6 to 18 
carbon atoms, one of which optionally being replaced by a nitrogen, oxygen or sulphur atom as explained above. 
[0064] Typically, a said dialkylamino group is a di(C^-C2o alkyl)amino group. 

[0065] As used herein, a "substituted" group or moiety is typically substituted by one or more (for example one, two 
or three) groups selected from halogens, said C1-C20 alkyi groups, said C-1-C20 alkoxy groups, said Cg-C^g ^''V' Qi'oups 
in which a carbon atom may optionally be replaced by a nitrogen, oxygen or sulfur atom, said amino groups, said dialkyi 
amino groups and said alicyclic groups. 

[0066] Examples of suitable alkyi and aryl groups for B"" and include those alkyi and aryl groups given as suitable 
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Claims 

1. A compound suitable for use in an electroluminescence device, which has the formula (1), (6) or (7), 




wherein: 

Ar"" to Ar^ are the same or different and each is independently a substituted or non-substituted aryl group; 

to X6 are the same or different and each is independently >C=0, >S02, -Si(B"')B2-, -N(B1)-, 
PB""-, -P(=0)B"'-, -(CH2)x-0-(CH2)y-, a substituted or non-substituted alkylene group or a substituted or non- 
substituted alicyclic moiety, in which each of B^ and B^ is independently a substituted or non-substituted alky! 
group or a substituted or non-substituted aryl group and each of x and y is an integer of 0 to 20, provided that 
X + y is not 0; and 

A is a group having the formula (2), (3), (4) or (5). 
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5 



10 



15 



20 



25 




30 



35 



40 



45 



50 
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wherein: 

Ri to R30 are the same or different and each is independently a hydrogen atom, a halogen atom, a substituted 
or non-substituted alkyi group, a substituted or non-substituted alkoxyl group, a substituted or non-substituted 
aryl group or a substituted or non-substituted amino group; and 
X"" to and A are as defined in the formula (1 ), 
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wherein: 



to R30 are the same or different and each is independently a hydrogen atom, a halogen atom, a substituted 
or non-substituted alky! group, a substituted or non-substituted alkoxy group, a substituted or non-substituted 

aryl group or a substituted or non-substituted amino group; 

y to are the same or different and each is independently a substituted or non-substituted alkyi group 
having 1 to 20 carbon atoms or a substituted or non-substituted aryl group; and 
A Is as defined In the formula (1). 

2. A compound according to claim 1 , which is a hole-injecting material. 

3. A compound according to claim 1 or 2, wherein A Is a group of formula (2). 

4. An electroluminescence device comprising an anode and a cathode and, therebetween, either a light-emitting 
layer or a plurality of organic compound layers including a light-emitting layer, wherein at least one layer comprises, 
as a hole-injecting material, a compound as defined in any one of the preceding claims. 

5. A device according to claim 4, having an organic layer between the anode and the llght-emltting layer, which 
organic layer comprises a compound as defined in any one of claims 1 to 3. 

6. A device according to claim 5, wherein the said organic layer comprises at least two hole-Injecting layers and the 
hole-injecting layers comprise, as a hole-injecting material, a compound as defined in any one of claims 1 to 3. 

7. A device according to any one of claims 4 to 6, wherein the light-emitting layer comprises, as a hole-injecting 
material, a compound as defined in any one of claims 1 to 3. 

8. A device according to claim 7, wherein the light emitting layer further comprises an organic fluorescent ' compound, 
a dopant, a further hole-Injecting material or an electron-injecting material. 

9. A television set, llght-emltting device, copying machine, printer, liquid crystal display or counter, display signboard 
or signal light containing a device as defined in any one of claims 4 to 8. 

10. Use of a compound as defined In any one of claims 1 to 3 as a hole-injecting material for an electroluminescence 
device. 



Patentanspruche 

1 . Verblndung, die sich zur Verwendung In einem Elektrolumlneszenz-Element elgnet, mit der Formel (1 ), (6) oder (7) 




A|2 



(1) 



worm: 
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Ar^ bis Ar® gleich oder verschieden sind und jedes unabhangig voneinander eine substituierte oder unsubsti- 
tuierte Arylgruppe ist; 

X"" bis gleich oder verschieden sind und jedes unabhangig voneinander >C=0, >S02, -Si(B"')B2-, -N(B"')-, 
-PB""-, -P(=0)B"'-, -(CH2)x-0-(CH2)y-, eine substituierte oder unsubstituierte Alkylengruppe oder eine substi- 
tuierte Oder unsubstituierte alicyclische Komponente ist, worin jedes von B"" und B^ unabhangig voneinander 
eine substituierte oder unsubstituierte All^ylgruppe oder eine substituierte oder unsubstituierte Arylgruppe ist 
und jedes von x und y eine ganze Zahl von 0 bis 20 ist, vorausgesetzt, dass x + y nicht 0 ist; und 

A eine Gruppe mit der Formel (2), (3), (4) oder (5) ist. 
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worin: 

R"" bis gleich oder verschieden sind und jedes unabhangig voneinander ein Wasserstoffatom, ein Halo- 

genatom, eine substituierte oder unsubstituierte Alkylgruppe, eine substituierte oder unsubstituierte Alkoxy- 
gruppe, eine substituierte oder unsubstituierte Arylgruppe oder eine substituierte oder unsubstituierte Amino- 
gruppe ist; und 

X"" bis und A wie in der Forme! (1 ) definiert sind, 




worin: 

R'' bis R30 gleich oder verschieden sind und jedes unabhangig voneinander ein Wasserstoffatom, ein Halo- 
genatom, eine substituierte oder unsubstituierte Alkylgruppe, eine substituierte oder unsubstituierte Alkoxy- 
gruppe, eine substituierte oder unsubstituierte Arylgruppe oder eine substituierte oder unsubstituierte Amino- 
gruppe ist; 
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V bis gleich oder verschieden sind und jedes unabhangig voneinander eine substituierte oder unsubsti- 
tuierte Alkylgruppe mit 1 bis 20 Kohlenstoffatomen oder eine substituierte oder unsubstituierte Arylgruppe ist; 
und 

A wie in der Forme! (1 ) definiert ist. 

2. Verbindung nacli Anspruch 1 , welche ein locherinjizierendes IVIaterial ist. 

3. Verbindung nach Anspruch 1 oder 2, wobei A eine Gruppe der Formel (2) ist. 

4. Elektrolumineszenz-Element, umfassend eine Anode und eine Kathode und dazwischen entweder eine lichtemit- 
tierende Schicht oder eine Vielzahl von Schichten aus einer organischen Verbindung, einschlieBlich einer lichte- 
mittierenden Schicht, wobei zumindest eine Schicht, als ein locherinjizierendes IVIaterial, eine Verbindung umfasst, 
wie in einem der vorangehenden Anspruche definiert. 

5. Element nach Anspruch 4, mit einer oganischen Schicht zwischen der Anode und der lichtemittierenden Schicht, 
welche organische Schicht eine Verbindung umfasst, wie in einem der Anspruche 1 bis 3 definiert. 

6. Element nach Anspruch 5, wobei die organische Schicht zumindest zwei locherinjizierende Schichten umfasst, 
und die locherinjizierenden Schichten, als ein locherinjizierendes Material, eine Verbindung umfassen, wie in einem 
der Anspruche 1 bis 3 definiert. 

7. Element nach einem der Anspruche 4 bis 6, wobei die lichtemittierende Schicht, als ein locherinjizierendes Material, 
eine Verbindung umfasst, wie in einem der Anspruche 1 bis 3 definiert. 

8. Element nach Anspruch 7, wobei die lichtemittierende Schicht auBerdem eine organische Fluoreszenzverbindung, 
ein Dotiermittel, ein weiteres locherinjizierendes Material oder ein elektroneninjizierendes Material umfasst. 

9. Fernsehgerat, lichtemittierendes Element, Kopiermaschine, Drucker, Flussigkristallanzeige oder Zahlwerk, Anzei- 
gentafel oder Signallicht, enthaltend ein Element, wie in einem der Anspruche 4 bis 8 definiert. 

10. Anwendung einer Verbindung, wie in einem der Anspruche 1 bis 3 definiert, als ein locherinjizierendes Material 
fur ein Elektrolumineszenz-Element. 



Revendications 

1. Compose utilisable dans un dispositif electroluminescent, qui a la formule (1), (6) ou (7), 



dans laquelle : 

Ar'' a Ar^ sont identiques ou differents et chacun est independamment un groupe aryle substitue ou non 




t 
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substitue ; 

X"" aX^ sont identiques ou differents etchacun est independamment >C=0, >S02, -Si(B"')B2-, -N(B'')-, -PB''-, 
-P(=0)B"'-, -(CH2)x-0-(CH2)y-, un groupe alkylene substitue ou non substitue ou une fraction alicyclique subs- 
tituee ou non substituee, dans lesquels B"" et B^ sont cliacun independamment un groupe akyle substitue ou 
non substitue ou un groupe aryle substitue ou non substitue et x et y sont cliacun un entier de 0 a 20, sous 
reserve que x + y ne soit pas 0 ; et 
A est un groupe ayant la formule (2), (3), (4) ou (5). 




A/ (2) 
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(6) 



dans laquelle : 

R"" a sont identiques ou differents et chacun est independamment un atome d'hydrogene, un atome 
d'halogene, un groupe alkyle substitue ou non substitue, un groupe alcoxy substitue ou non substitue, un 
groupe aryle substitue ou non substitue ou un groupe amino substitue ou non substitue ; et 
X"" a et A sont tels que definis dans la formule (1 ), 



dans laquelle : 

a R30 sont identiques ou differents et chacun est independamment un atome d'hydrogene, un atome 
d'halogene, un groupe alkyle substitue ou non substitue, un groupe alcoxy substitue ou non substitue, un 
groupe aryle substitue ou non substitue ou un groupe amino substitue ou non substitue ; 
V a sont identiques ou differents et chacun est independamment un groupe alkyle substitue ou non 
substitue ayant 1 a 20 atomes de carbone ou un groupe aryle substitue ou non substitue ; et 
A est tel que defini dans la formule (1 ). 

Compose selon la revendication 1 , qui est un materiau injecteur de trous. 




a) 



29 



EP 0 848 579 B1 



Compose selon la revendication 1 ou 2, dans lequel A est un groupe de formule (2). 

Dispositif electroluminescent comprenant une anode et une cathode et, entre celles-ci, soit une couche emettrice 
de lumiere, soit une pluralite de couches de composes organiques incluant une couche emettrice de lumiere, ou 
au moins une couche comprend, en tant que materiau injecteur de trous, un compose tel que defini dans I'une 
quelconque des revendications precedentes. 

Dispositif selon la revendication 4, ayant une couche organique entre I'anode et la couche emettrice de lumiere, 
laquelle couche organique comprend un compose tel que defini dans I'une quelconque des revendications 1 a 3. 

Dispositif selon la revendication 5, dans lequel ladite couche organique comprend au moins deux couches d'in- 
jection de trous et les couches d'injection de trous comprennent, en tant que materiau injecteur de trous, un com- 
pose tel que defini dans I'une quelconque des revendications 1 a 3. 

Dispositif selon I'une quelconque des revendications 4 a 6, dans lequel la couche emettrice de lumiere comprend, 
en tant que materiau injecteur de trous, un compose tel que defini dans I'une quelconque des revendications 1 a 3. 

Dispositif selon la revendication 7, dans lequel la couche emettrice de lumiere comprend en outre un compose 
fluorescent organique, un dopant, un materiau injecteur de trous supplementaire ou un materiau injecteur d'elec- 
trons. 

Poste de television, dispositif emetteur de lumiere, machine a copier, imprimante, ecran ou compteur a cristaux 
liquides, enseigne d'aff ichage ou lampe de signal isation contenant un dispositif tel que defini dans I'une quelconque 
des revendications 4 a 8. 

Utilisation d'un compose tel que defini dans I'une quelconque des revendications 1 a 3 comme materiau injecteur 
de trous pour un dispositif electroluminescent. 
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